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(54) MICRODEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a microdevice 
that can be reduced in heat generation amount by 
lowering the resistance of a coil, while the number of 
turns of the coil is maintained, as it is, without making 
the length of a magnetic path larger. 
SOLUTION: In this microdevice, a first thin film coil 231 
is wound turning in a plane around an axis X. A second 
thin film coil 232 is disposed among the turns of the coil 
231, except its outermost or innermost periphery, wound 
turning in a plane around the axis X, and electrically 
connected, in parallel with the coil 231 through first and 
second terminals T1 and T2. An inorganic insulating film 
251 is provided in a gap to demarcate a width a of the 
gap. The width a is narrower than intervals P between 
the turns of the thin film coils 231 and 232, as viewed 
from a direction parallel to the wound plane of the coils 
231 and 232. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a microdevice 
that can be reduced in heat generation amount by 
lowering the resistance of a coil, while the number of 
turns of the coil is maintained, as it is, without making 
the length of a magnetic path larger. 
SOLUTION: In this microdevice, a first thin film coil 231 
is wound turning in a plane around an axis X. A second 
thin film coil 232 is disposed among the turns of the coil 
231, except its outermost or innermost periphery, wound 
turning in a plane around the axis X, and electrically 
connected, in parallel with the coil 231 through first and 
second terminals T1 and T2. An inorganic insulating film 
251 is provided in a gap to demarcate a width a of the 
gap The width a is narrower than intervals P between 
the turns of the thin film coils 231 and 232. as viewed 
from a direction parallel to the wound plane of the coils 
231 and 232. 
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* NOTICES * 

JK> and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim 1*] ft is a micro device containing the 1st thin film coil, the 2nd thin film coil, an inorganic insulator layer, the 1st 
terminal, and the 2nd terminal. Said 1st thin film coil It goes around one shaft around to a plane. Said 2nd thin film coil 
Except for said the 2nd outermost periphery or most inner circumference of a thin film coil, it is arranged in spacmg 
produced between two coil turns of said 1st thin film coil, and has a gap between said two coil turns. It goes around said 
shaft around to a plane. Said 1st thin film coil and the 2nd thin film coil Each end of a most-inner-circumference end 
winding is electrically connected to juxtaposition by said 1st terminal. Each end of an outermost periphery end winding 
is electrically connected to juxtaposition by said 2nd terminal. Said inorganic insulator layer It is a micro device smaller 
than the coil width of face beta of said coil turn which is in the interior of said gap, had demarcated the gap width of 
face alpha, and looked at said gap width of face alpha in the direction parallel to the circumference side of said 1st and 

2nd thin film coils. , . . .. Jt , • , a r -a i * 

[Claim 2] It is a micro device with the number of rums are the micro device indicated by claim 1 and same [ said l st 

thin film coil and said 2nd thin film coil ]. 

[Claim 3] It is the micro device which is a micro device indicated by claim 1 or 2, and said gap width of face alpha has 
in the range of 0.0 1-0.05 micrometers. 

[Claim 4] It is the micro device indicated by any [ claim 1 thru/or ] of 3 they are, and is <=(l/300) alpha/beta<- (1/5). 
******** micro device. 

[Claim 5] It is the micro device indicated by any [ claim 1 thru/or ] of 4 they are, and the 1 st magnetic layer and 2nd 
magnetic layer are included further. Said 1st magnetic layer It is arranged at said 1st and 2nd thin film coil bottom. Said 
2nd magnetic layer It is the micro device with which it is arranged at said 1st and 2nd thin film coil bottom, and is 
magnetically combined with said 1st magnetic layer, and said thin film coil goes around the magnetic bond part of said 
1st and 2nd magnetic layers around. 

[Claim 6] It is the micro device with which it is the micro device indicated by claim 5, and said 1st and 2nd thin film 
coils adjoin said 1st magnetic layer and said 2nd magnetic layer through the 2nd inorganic insulator layer. 
[Claim 7] It is the micro device which is a micro device indicated by claim 5 and said 2nd inorganic insulator layer has 
in the range whose thickness is 0.01 -0.05 micrometers. 

[Claim 8] The micro device which is a micro device indicated by any [ claim 1 thru/or ] of 7 they are, and is a thin film 

[c1ahn9] The micro device which is a micro device indicated by any [ claim 1 thru/or ] of 7 they are, and is the thin 
film magnetic head. . 

[Claim 10] It is the micro device with which it is the micro device indicated by claim 9, and the reading component is 
further included and said reading component contains a giant magneto-resistance component. 
[Claim 1 1] It is the micro device with which it is the micro device indicated by claim 10, and said giant magneto- 
resistance component contains any of the spin bulb film or a ferromagnetic tunnel junction they are. 
[Claim 12] It is magnetic-head equipment with which are magnetic-head equipment containing the thin film magnetic 
head and head means for supporting, and said thin film magnetic head was indicated by any [ claim 9 thru/or ] of 1 1 
they are, and said head means for supporting come to support said thin film magnetic head. 
[Claim 13] It is the magnetic recorder and reproducing device which is a magnetic recorder and reproducing device 
containing magnetic-head equipment and a magnetic-recording medium, and said magnetic-head equipment was 
indicated by claim 12, and said magnetic-recording medium comes to collaborate with said thin film magnetic head, and 
performs magnetic-recording playback. 

[Claim 14] It is the manufacture approach of the 1st thin film coil, the 2nd thin film coil, and the micro device 
containing an inorganic insulator layer. On the surface of a base material, the 1st coil turn spacing is separated for the 
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1st thin film coil the shape of a spiral - forming - next, the front face of said 1st thin film coil - and The inorganic 
insulator layer of a wrap 1st is formed for the front face of said base material which appears in said 1st coil turn spacing 
by almost uniform thickness. Next, the 2nd outermost periphery or most inner circumference of a thin film coil is 
removed in said 1 st coil turn spacing. The 2nd thin film coil is formed in the state of insertion. To next, the 1 st thin film 
coil both ends and the 2nd thin film coil both ends The manufacture approach of a micro device including the process 
which forms the terminal for taking about to an ejection electrode at the same time it connects so that the 1st thin film 
coil and the 2nd thin film coil may become a parallel circuit electrically. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a micro device and its manufacture approach. In this invention, a micro 
device is equipment incorporating the thin film magnetic head, a thin film inductor, a semiconductor device, a thin film 
sensor, a thin film actuator, or these, and what has a thin film coil is said. 
[0002] 

[Description of the Prior Art] As this kind of a micro device, if the thin film magnetic head is taken for an example, the 
write-in component with which that interior is equipped In an air bearing side (ABS side is called below) side (the front 
section is called) The pole tip of the 1st magnetic layer and the pole tip of the 2nd magnetic layer are made to counter 
through a gap layer, magnetic coupling of the 1st magnetic layer and 2nd magnetic layer is carried out to an ABS side in 
the back section of the opposite side, and a back gap is constituted. Around the back gap, to the film surface of the 1st 
magnetic layer and the 2nd magnetic layer, it is parallel and the plane thin film coil which goes a back gap around at the 
flat surface which intersects perpendicularly mostly to an ABS side is arranged. 

[0003] Generally a thin film coil is formed by the frame galvanizing method. By the conventional frame galvanizing 
method represented by JP,56-36706,B, the resist frame was removed after frame plating processing, and it had left the 
pars-basilaris-ossis-occipitalis width of face of the removed resist frame as it was as spacing during a contiguity coil 
turn, for this reason, coil length - long - not becoming - it did not obtain but the limitation was produced in reduction 
of an impedance value, and an improvement of a RF property. 

[0004] JP,2001-931 13,A considers as the perpendicular circumference structure which changed the coil circumference 
shaft 90 degrees from plane coil structure, enables contraction of magnetic-path length, and reduction of eddy current 
loss, and is indicating the thin film magnetic head which raised the RF property. 

[0005] However, since the pars-basilaris-ossis-occipitalis width of face of the resist frame from which it is removed 
after plating processing also in the technique indicated by this well-known reference was used as it was as spacing 
during a contiguity coil turn, the conventional trouble was still left behind. 

[0006] furthermore ~ if the number of coil turns is increased with the conventional thin film coil structure for the 
improvement in an output, maintaining magnetic-path length uniformly ~ a coil conductor width ~ narrow - not 
becoming - it did not obtain, but coil resistance became high, and there was a trouble that calorific value increased. 
[0007] the part to which the width of face of a coil thin film coil became narrow ~ a coil ~ although it is possible to 
compensate by increasing the thickness of a conductor and to press down increase of coil resistance, thickness of the 
resist frame when forming a thin film coil by the frame galvanizing method must not be thickened with detailed-ization 
of a resist frame pattern in this case, formation of a resist frame pattern becomes difficult, and formation of a thin film 
coil becomes difficult. 
[0008] 

[Problem(s) to be Solved by the Invention] The technical problems of this invention are the micro device which lowers 
coil resistance and can reduce calorific value, maintaining the number of coil turns without lengthening magnetic-path 
length, and offering the thin film magnetic head and a thin film inductor especially. 

[0009] Another technical problem of this invention is the micro device which the noise's was decreased and was suitable 
for easy-izing the design of a digital disposal circuit further, and offering the thin film magnetic head and a thin film 
inductor especially. 

[0010] . 

[Means for Solving the Problem] In order to solve the technical problem mentioned above, the micro device concerning 

this invention contains the 1st thin film coil, the 2nd thin film coil, an inorganic insulator layer, the 1st terminal, and the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



10/7/2004 



Page 2 of 8 



2nd terminal. 

[001 1 ] Said 1 st thin film coil goes around one shaft around to a plane. Said 2nd thin film coil is arranged except for said 
the 2nd outermost periphery or most inner circumference of a thin film coil in spacing produced between two coil turns 
of said 1st thin film coil, has a gap between said two coil turns, and goes around said shaft around to a plane. 
[0012] Each end of a most-inner-circumference end winding is electrically connected to juxtaposition by said 1st 
terminal, and, as for said 1st thin film coil and the 2nd thin film coil, each end of an outermost periphery end winding is 
electrically connected to juxtaposition by said 2nd terminal. 

[0013] Said inorganic insulator layer is in the interior of said gap, the gap width of face alpha is demarcated, and said 
gap width of face alpha is smaller than the coil width of face beta of said coil turn seen in the direction parallel to the 
circumference side of said 1st and 2nd thin film coils. 

[0014] As mentioned above, in the micro device concerning this invention The 1st thin film coil is going around one 
shaft around to the plane. The 2nd thin film coil Since it is arranged between the coil turns of the 1st thin film coil and is 
going around a shaft around to the plane except for the outermost periphery or most inner circumference, the insertion 
coil structure which has arranged the 2nd thin film coil in spacing during the contiguity coil turn of the 1st thin film coil 
is realizable. For this reason, the number of coil turns can be maintained, without lengthening magnetic-path length. 
[0015] And since each end of a most-inner-circumference end winding is electrically connected to juxtaposition by the 
1 st terminal and each end of an outermost periphery end winding is electrically connected to juxtaposition by the 2nd 
terminal, the 1st thin film coil and the 2nd thin film coil lower coil resistance, and can reduce calorific value. 
[0016] Moreover, since coil resistance is lowered and calorific value can be reduced, a noise can be decreased and the 
design of a digital disposal circuit can be easy-ized further. 

[0017] Said inorganic insulator layer is in the interior of said gap, and has demarcated the gap width of face alpha. Said 
gap width of face alpha is smaller than the coil width of face beta of said coil turn seen in the direction parallel to the 
circumference side of said 1st and 2nd thin film coils. The inorganic insulator layer which demarcates the gap width of 
face alpha is constituted by aluminum 203, Si02, A1N or DLC (diamond-.-like . carbon), etc. Such an inorganic 
insulator layer can be formed by the spatter or CVD. Therefore, to the limitation of such thin film coating technology, 
gap width of face alpha can be made detailed, and a coil circumference consistency can be raised. 
[0018] In principle, said 1st thin film coil and said 2nd thin film coil have the same number of turns. According to this 
configuration, it can ** to equalization of a current assignment of the 1st thin film coil and the 2nd thin film coil, and 
equalization of magnetomotive force. 

[0019] Preferably, the gap width of face alpha is set as the range of 0.01-0.05 micrometers. The inorganic insulator layer 

with such gap width of face alpha is a spatter or CVD, and can be formed certainly. Moreover, if it is this range, 

required electric insulation can be secured in application to a thin film inductor or the thin film magnetic head. 

[0020] Preferably, the gap width of face alpha during a contiguity coil turn and the coil width of face beta of each coil 

turn are <=(l/300) alpha/beta<= (1/5). 
******** 

[0021] In the above-mentioned conditional expression, when the gap width of face alpha is set as the range of 0.01-0.05 
micrometers, the coil width of face beta of each coil turn becomes the range of 0.25-3 micrometers. If the coil width of 
face beta of each coil turn is in such range, as the thin film inductor which are the main examples of application of this 
invention, or the thin film magnetic head, it is enough. 

[0022] In this invention, the equipment incorporating the thin film magnetic head, a thin film inductor, a semiconductor 
device, a thin film sensor, a thin film actuator, or these is included with a micro device. Especially the desirable 
examples of application are the thin film magnetic head and a thin film inductor. 

[0023] In application to the thin film magnetic head, this invention is applied to the thin film coil of a write-in 
component. The thin film magnetic head may contain the reading component. Said reading component can contain a 
giant magneto-resistance component. Said giant magneto-resistance component can contain any of the spin bulb film or 
a ferromagnetic tunnel junction component they are. 

[0024] Of course, the thin film magnetic head concerning this invention can be used for realizing magnetic-head 
equipment and a magnetic recorder and reproducing device. 

[0025] In the case of a thin film inductor, it is used as a track where a thin film coil produces an inductance as it is. The 
thin film inductor may have the thin film core with the thin film coil. 

[0026] This invention indicates further the manufacture approach of the micro device mentioned above. By the 
manufacture approach concerning this invention, on the surface of a base material, the 1st coil turn spacing is separated 
and the 1 st thin film coil is formed in the shape of a spiral. 

[0027] Next, the inorganic insulator layer of a wrap 1st is formed for the front face of said 1st thin film coil, and the 
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front face of said base material which appears in said 1 st coil turn spacing by almost uniform thickness. 

[0028] Next, except for the 2nd outermost periphery or most inner circumference of a thin film coil, the 2nd thin film 

coil is formed in the state of insertion in said 1 st coil turn spacing. 

[0029] And the terminal for taking out at the same time it connects so that the 1 st thin film coil and the 2nd thin film 
coil may serve as a parallel circuit electrically, and taking about to an electrode is formed in the 1 st thin film coil both 
ends and the 2nd thin film coil both ends. 

[0030] By including the above process, insertion coil structure which inserted the 2nd thin film coil used as it and 
another coil turn which makes a parallel circuit electrically to spacing during the contiguity coil turn of the 1st thin film 
coil is realized. 

[0031] Other purposes, configurations, and advantages of this invention are explained in more detail with reference to 
an accompanying drawing. A drawing shows a mere example. 
[0032] * " 

[Embodiment of the Invention] 1. The top view of the micro device which micro device drawing 1 as a thin film 
inductor requires for this invention, and drawing 2 are the sectional views which met two to 2 line ofdrawjngl . An 
illustration example shows the micro device materialized as a thin film inductor, and contains the 1st thin film coil 231, 
the 2nd thin film coil 232, the insulating layer 16 used as a base material, the 1 st terminal Tl , and the 2nd terminal T2. 
[0033] The 1st thin film coil 231 goes around one shaft X which becomes perpendicular to the field of an insulating 
layer 16 around to a plane. That is, it is a spiral-like. The 1st thin film coil 231 is arranged on the field of an insulating 
layer 16. The 1st thin film coil 231 is constituted by electric conduction metallic materials, such as Cu (copper). 
[0034] Except for the outermost periphery or most inner circumference, the 2nd thin film coil 232 is arranged between 
the coil turns of the 1st thin film coil 231, and goes around Shaft X around to a plane. That is, the 2nd thin film coil 232 
is also a spiral-like. The 2nd thin film coil 232 is connected to juxtaposition as electrically as the 1st thin film coil 231. 
The 2nd thin film coil 232 is also constituted by electric conduction metallic materials, such as Cu (copper). 
[0035] In the electric parallel connection of the 1st thin film coil 231 and the 2nd thin film coil 232, the 1st terminal Tl 
is connected to 234A and 234B in the most-inner-circumference end-winding end of the 1 st and 2nd thin film coils 23 1 
and 232, and the 2nd terminal T2 is connected to 235A and 235B in the end of an outermost periphery end winding. 
[0036] The number of turns of the 1st and 2nd thin film coils 231 and 232 is arbitrary. However, in principle, the 
number of turns of the 1st thin film coil 23 1 and the number of turns of the 2nd thin film coil 232 are made the same. In 
this specification, a coil turn is used as terminology of the coil film and homonymy. 

[0037] As mentioned above, in the micro device concerning this invention The 1st thin film coil 231 is going around 
Shaft X around to the plane. The 2nd thin film coil 232 Except for the outermost periphery or most inner circumference, 
it is arranged between the coil turns of the 1st thin film coil 231. Since it is going around Shaft X around to the plane, 
the insertion coil structure which has arranged the 2nd thin film coil 232 in spacing during the contiguity coil turn of the 
1st thin film coil 231 is realizable. The part located in the 2nd outermost periphery or most inner circumference of a coil 
232 is a part in which the resist frame when forming the 1st coil 231 by the frame galvanizing method exists. For this 
reason, the number of coil turns can be maintained, without lengthening magnetic-path length. 
[0038] And since it connects with juxtaposition as electrically as the 1st thin film coil 231, the 2nd thin film coil 232 
lowers coil resistance, and can reduce calorific value. 

[0039] Therefore, according to this invention, maintaining the number of coil turns without lengthening magnetic-path 
length, coil resistance is lowered and calorific value can be reduced. 

[0040] Moreover, since coil resistance is lowered and calorific value can be reduced, a noise can be decreased and the 
design of a digital disposal circuit can be easy-ized further. 

[0041] The gap width of face alpha seen in the direction parallel to the flat surface which the 1st and 2nd thin film coils 
23 1 and 232 go around is smaller than the coil width of face beta of each coil turn seen in this direction, and the 
dimension is demarcated by the thickness of the inorganic insulator layer 251 in a gap. The inorganic insulator layer 251 
is constituted by aluminum 203, Si02, A1N or DLC, etc. Such an inorganic insulator layer 251 can be formed by the 
spatter or CVD. Therefore, to the limitation of such thin film coating technology, gap width of face alpha can be made 
detailed, and a coil circumference consistency can be raised. 

[0042] Moreover, when the number of turns of the 1st thin film coil 231 and the number of turns of the 2nd thin film 
coil 232 are made the same, it can ** to equalization of a current assignment of the 1st thin film coil 23 1 and the 2nd 
thin film coil 232, magnetomotive force, and generation of heat. 

[0043] Preferably, the gap width of face alpha is set as the range of 0.01-0.05 micrometers. The inorganic insulator layer 
251 with such gap width of face alpha can secure required electric insulation in application to a thin film inductor. 
[0044] Preferably, the gap width of face alpha during a contiguity coil turn and the coil width of face beta of each coil 
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turn are <=(l/300) alpha/beta<= (1/5). 
******** 

[0045] In the above-mentioned conditional expression, when the gap width of face alpha is set as the range of 0.01-0.05 
micrometers, the coil width of face beta of each coil turn becomes the range of 0.25-3 micrometers. If the coil width of 
face beta of each coil turn is in such range, as a thin film inductor which is the example of application of this invention, 
it is enough. 

[0046] The perspective view showing still more nearly another example of the micro device which drawing 3 requires 
for this invention, and drawing 4 are the sectional views which met four to 4 line of drawing 3 . In drawing, about the 
same component as the component which appeared in drawing 1 and drawing 2 , the same reference mark is attached 
and duplication explanation is omitted. 

[0047] The description of an illustration example is that the 1st magnetic layer 21 and 2nd magnetic layer 22 are 
included. The 1st magnetic layer 21 is supported by the insulating layer 16 in the 1st thin film coil 231 bottom. The 
insulating layer 16 which turns into supporters is constituted by inorganic insulating materials, such as aluminum 203, 
and Si02, A1N or DLC. 

[0048] The 2nd magnetic layer 22 is arranged at the 1st and 2nd thin film coil 231 and 232 bottom, and both ends are 
magnetically combined with the 1 st magnetic layer 23 1 , and it constitutes the magnetic bond parts 2 1 2 and 211, 
respectively. Thereby, the closed magnetic circuit by the 1st and 2nd magnetic layers 21 and 22 is formed. That is, the 
1st and 2nd magnetic layers 21 and 22 constitute the thin film core of a closed magnetic circuit. 
[0049] The 1st and 2nd magnetic layers 21 and 22 can be constituted using magnetic materials, such as NiFe, CoFe, 
FeN, or FeZrN. Each of the 1st and 2nd magnetic layers 21 and 22 may be monolayer structure, and may be multilayer 
structure. Each thickness of the 1st and 2nd magnetic layers 21 and 22 is set as the range of 0.25-3 micrometers. Such 
1st and 2nd magnetic layers 21 and 22 can be formed by the frame galvanizing method. 

[0050] The 1st and 2nd thin film coils 231 and 232 are going around the magnetic bond part 212 of the 1st and 2nd 
magnetic layers 21 and 22 around. 

[0051] Furthermore, in the illustration example, the 1st and 2nd thin film coils 231 and 232 adjoin the 1st magnetic 
layer 21 and the 2nd magnetic layer 22 through the inorganic insulator layer 252. Since an ingredient presentation, the 
formation approach, thickness, etc. of the inorganic insulator layer 252 are the same as the inorganic insulator layer 251 
which buries the gap width of face alpha during a contiguity coil turn, explanation is omitted. 

[0052] Furthermore, in drawing 1 - drawing 4 , although the combination of the 1st and 2nd thin film coils 231 and 232 
is only one, as shown in drawing 5 , two or more sets of combination of the 1 st and 2nd thin film coils 23 1 and 232 may 
be 23 A and 23B. When it has two or more 1st [ the ] and the 2nd thin film coil 231 and 232, each class 23 A and 23B 
may be made to be able to become independent separately, and a serial (illustration example), juxtaposition, or a serial 
parallel can adopt the connection structure of arbitration. Furthermore, a thin film inductor may be the gestalt of the 
completed electronic parts as itself, and may be an element which constitutes the part in an integrated circuit etc. 
[0053] 2. The sectional view of the thin film magnetic head which showed micro device drawing 6 as the thin film 
magnetic head in the perspective view of the thin film magnetic head, and showed drawing 7 to drawing 6 , and drawing 
8 are the perspective views showing the coil structure of the thin film magnetic head shown in drawing ^ and drawin g 
7 . The illustrated thin film magnetic head contains a slider 1, the write-in component 2, and the reading component 3. 
[0054] A slider 1 has rails 1 1 and 12 in a medium opposed face side, and the front face of rails 1 1 and 12 is used as ABS 
sides 13 and 14. Rails 1 1 and 12 are not restricted to two. It may become the flat surface which may have 1-3 rails and 
does not have a rail. Moreover, various geometry may be given to a medium opposed face for a surfacing property 
improvement etc. Even if it is the slider 1 of which type, application of this invention is possible. Moreover, since a 
slider 1 is equipped with protective layers, such as DLC which has about 3-8nm thickness, on the surface of a rail, in 
such a case, the front face of a protective layer serves as ABS 13 and 14. A slider 1 is the ceramic structure which 
formed the insulating layer 16 of aluminum 203 and Si02 grade in the front face of the base 15 which becomes by 
aluminum203-TiC etc. 

[0055] The write-in component 2 is an induction type MAG sensing element, and the reading component 3 is a MR 
component. The write-in component 2 and the reading component 3 are seen in the flow direction Fl of air, and both 
one side [ of rails 1 1 and 12 ] or air outflow edge (trailing . edge) TR side is equipped with them, a slider 1 is equipped 
with the write-in component 2 and the reading component 3 - having - electromagnetism - the edge for conversion is 
located in ABS 13 and 14 and the location which approached. The electrodes 27 and 28 and the ejection electrodes 29 
and 30 connected to the reading component 3 connected to the write-in component 2 are prepared in the side face in the 
air outflow edge TR side by taking out, respectively. 

[0056] The write-in component 2 has the 1st magnetic layer 21 which serves as the 2nd [ to the reading component 3 ] 
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shielding layer, the 2nd magnetic layer 22, the 1 st and 2nd thin film coils 23 1 and 232, the gap layer 24 which becomes 
with an alumina etc. and the inorganic insulator layers 251 and 252, and a protective layer 26. Independently of the 1st 
magnetic layer 2 1 , you may have the 2nd shielding layer. 

[0057] The 1st magnetic layer 21 is supported by the insulating layer 16 in the 1st thin film coil 231 bottom. The 
insulating layer 16 which turns into supporters is constituted by inorganic insulating materials, such as aluminum 203, 
and Si02, A1N or DLC. 

[0058] The 1st and 2nd magnetic layers 21 and 22 can be constituted using magnetic materials, such as NiFe, CoFe, 
FeN, or FeZrN. Each of the 1st and 2nd magnetic layers 21 and 22 may be monolayer structure, and may be multilayer 
structure. Each thickness of the 1st and 2nd magnetic layers 21 and 22 is set as the range of 0.25-3 micrometers. Such 
1st and 2nd magnetic layers 21 and 22 can be formed by the frame galvanizing method. 

[0059] The point of the 1st magnetic layer 21 and the 2nd magnetic layer 22 serves as the pole edge 21 1 which separates 
the gap layer 24 of minute thickness and counters, and writes in in the pole edge 21 1 . In this invention, any pole 
structure proposed until now is employable. The gap layer 24 is constituted by inorganic insulating layers, such as a 
non-magnetic metal layer or an alumina. 

[0060] Further, the 2nd magnetic layer 22 maintains an inner gap between the 1st magnetic layer 21, is prolonged 
behind ABS 13 and 14, and is combined with the 2nd magnetic layer 22 in the back gap layer 212. Thereby, the thin 
film magnetic circuit involving the 1 st magnetic layer 21 , 2nd magnetic layer 22, and gap layer 24 is completed. 
[0061] The 1st and 2nd thin film coils 231 and 232 are going around the magnetic bond part 212 of the 1st and 2nd 
magnetic layers 21 and 22 around. The 1st thin film coil 231 is a spiral-like, is arranged on the field of an insulating 
layer 16, and goes around one shaft X which becomes perpendicular to the field of an insulating layer 16 around to a 
plane. The 1st thin film coil 231 is constituted by electric conduction metallic materials, such as Cu (copper). 
[0062] It is a spiral-like, and the 2nd thin film coil 232 is also arranged between the coil turns of the 1st thin film coil 

231, and goes around Shaft X around to a plane. The 2nd thin film coil 232 is connected to juxtaposition as electrically 
as the 1st thin film coil 231. The 2nd thin film coil 232 is also constituted by electric conduction metallic materials, such 
as Cu (copper). 

[0063] In the electric parallel connection of the 1st thin film coil 231 and the 2nd thin film coil 232, the 1st terminal Tl 
is connected to 234A and 234B in the most-inner-circumference end-winding end of the 1st and 2nd thin film coils 231 
and 232, and the 2nd terminal T2 is connected to 235A and 235B in the end of an outermost periphery end winding 
(refer to drawing 8 ). The number of turns of the 1st and 2nd thin film coils 231 and 232 is arbitrary. However, in 
principle, the number of turns of the 1st thin film coil 23 1 and the number of turns of the 2nd thin film coil 232 are 
made the same. 

[0064] As mentioned above, by the thin film magnetic head concerning this invention, the 1st thin film coil 231 goes 
around Shaft X around to a plane, and since the 2nd thin film coil 232 is arranged between the coil turns of the 1st thin 
film coil 231 and it goes around Shaft X around to a plane, the insertion coil structure which has arranged the 2nd thin 
film coil 232 in spacing between contiguity KOIRUTAN of the 1st thin film coil 231 is realizable. For this reason, the 
number of coil turns can be maintained, without lengthening magnetic-path length. 

[0065] And since it connects with juxtaposition as electrically as the 1st thin film coil 231, the 2nd thin film coil 232 
lowers coil resistance, and can reduce calorific value. 

[0066] Moreover, since coil resistance is lowered and calorific value can be reduced, a noise can be decreased and the 
design of a digital disposal circuit can be easy-ized further. 

[0067] The gap width of face alpha seen in the direction parallel to the flat surface which the 1st and 2nd thin film coils 
23 1 and 232 go around is smaller than the coil width of face beta of each coil turn seen in this direction, and the 
dimension is demarcated by the thickness of the inorganic insulator layer 251 in a gap. The inorganic insulator layer 251 
is constituted by aluminum 203, Si02, A1N or DLC, etc. Such an inorganic insulator layer 251 can be formed by the 
spatter or CVD. Therefore, to the limitation of such thin film coating technology, gap width of face alpha can be made 
detailed, and a coil circumference consistency can be raised. 

[0068] When the number of turns of the 1 st thin film coil 23 1 and the number of turns of the 2nd thin film coil 232 are 
made the same, it can ** to equalization of a current assignment of the 1 st thin film coil 23 1 and the 2nd thin film coil 

232, magnetomotive force, and generation of heat. 

[0069] Preferably, the gap width of face alpha is set as the range of 0.01-0.05 micrometers. The inorganic insulator layer 
251 with such gap width of face alpha can secure required electric insulation in application to the thin film magnetic 
head. 

[0070] Preferably, the gap width of face alpha during a contiguity coil turn and the coil width of face beta of each coil 
turn are <=(l/300) alpha/beta<= (1/5). 
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******** 

[0071] In the above-mentioned conditional expression, when the gap width of face alpha is set as the range of 0.01-0.05 
micrometers, the coil width of face beta of each coil turn becomes the range of 0.25-3 micrometers. If the coil width of 
face beta of each coil turn is in such range, as the thin film magnetic head which is the example of application of this 
invention, it is enough. 

[0072] Furthermore, in the illustration example, the 1st and 2nd thin film coils 231 and 232 adjoin the 1st magnetic 
layer 21 and the 2nd magnetic layer 22 through the inorganic insulator layer 252. Since an ingredient presentation, the 
formation approach, thickness, etc. of the inorganic insulator layer 252 are the same as the inorganic insulator layer 251 
which demarcates the gap width of face alpha during a contiguity coil turn, explanation is omitted. 
[0073] The protective layer 26 has covered the write-in whole component 2. The protective layer 26 consists of 
inorganic insulating materials of aluminum 203 or Si02 grade. 

[0074] It has the 1 st shielding layer 3 1 , an insulating layer 32, an insulating layer 33, and the 2nd shielding layer 21 
made to serve a double purpose as the 1 st magnetic layer 21 near the reading component 3. The 1st shielding layer 3 1 is 
constituted by the permalloy etc. The reading component 3 is arranged between the 1st shielding layer 3 1 and the 2nd 
shielding layer 21 . The end face has faced the reading component 3 ABS 13 and 14. 

[0075] The reading component 3 contains a giant magneto-resistance component (GMR component). A GMR 
component can be constituted depending on any of the spin bulb film or a ferromagnetic tunnel junction component they 
are. 

[0076] 3. Manufacture approach drawing 9 of a micro device - drawing 21 are drawings explaining the manufacture 
approach of the micro device concerning this invention. Although an example explains that manufacture approach about 
the micro device as the thin film magnetic head shown in drawing 6 - drawing 8 , the thin film inductor shown in 
drawing 1 - drawing 5 can also be manufactured according to this manufacture approach. 

[0077] All the manufacture approaches of the micro device shown in drawin g 9 - draw ing 21 are performed on the 
wafer 100 shown in drawing 9 . The manufacture approach is explained about one thin film magnetic-head element 
which the thin film magnetic-head elements Ql 1-Qnm which completed the reading component manufacture process 
shall have aligned on the whole surface of a wafer 100, and was extracted from the thin film magnetic-head elements 
Ql 1-Qnm. 

[0078] First, as shown in drawin g 10 , the 1st magnetic layer 21 is formed in the front face of the insulating layers 32 
and 33 which laid the reading component 3 underground. As for the 1st magnetic layer 21, it is desirable to form using 
magnetic materials, such as NiFe, CoFe, FeN, or FeZrN, so that it may become the range of 0.25-3 micrometers of 
thickness. Moreover, the 1st magnetic layer 21 can be formed by the frame galvanizing method etc. 
[0079] Next, as shown in drawing 1 1 , the pole tip member 21 1 and the back gap layer 212 are formed on the 1st 
magnetic layer 2 1 . Using magnetic materials, such as NiFe, CoFe, FeN, or FeZrN, the pole tip member 2 1 1 and the back 
gap layer 212 can be formed by the frame galvanizing method etc. so that it may become the range of 0.25-3 
micrometers of thickness. 

[0080] Next, as shown in drawing 12 , the inorganic insulator layer 252 is formed. The inorganic insulator layer 252 is a 
wrap about the 1st magnetic layer 21, pole tip member 21 1, and back gap layer 212. The inorganic insulator layer 252 is 
constituted by aluminum 203, Si02, A1N or DLC, etc. The inorganic insulator layer 252 can be formed by the dry thin 
film forming methods, such as a spatter or CVD. As for the thickness of the inorganic insulator layer 252, it is desirable 
to consider as the range of 0.01-0.05 micrometers. 

[0081] Next, as shown in dr aw in g 13 , the 1st thin film coil 231 is formed in the front face of the inorganic insulator 
layer 252. The 1st thin film coil 231 is constituted by electric conduction metallic materials, such as Cu (copper), and is 
formed of application of the frame galvanizing method. Therefore, the spacing A produced between the coil turns of the 
1st thin film coil 231 is equivalent to the pars-basilaris-ossis-occipitalis width of face of a resist frame mostly. When 
applying the frame galvanizing method, the seed layer is formed in the front face of the inorganic insulator layer 252 in 
advance. This is a stock-in-trade in the frame galvanizing method. 

[0082] The 1st thin film coil 23 1 is formed so that width of face beta may serve as range which is 0.25-3 micrometers. 
Although the thicker one of the thickness of the 1st thin film coil 231 is desirable, when it forms by the frame 
galvanizing method, it can form about 2 times of the coil width of face beta. 

[0083] Next, as shown in drawing 14 , the inorganic insulator layer 252 which exists between the 1st adjoining thin film 
coil 231-231 is removed. In removal of the inorganic insulator layer 252, the 1st thin film coil 231 is used as a mask, 
and the dry etching methods, such as milling or reactive . ion . etching (Following RIE is called), are performed. 
[0084] Next, as shown in drawing .15 , the wrap inorganic insulator layer 251 is formed for the front face of the 1st thin 
film coil 23 1 , and the front face of the 1 st magnetic layer 2 1 which appears between the 1 st thin film coil 23 1 -23 1 by 
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almost uniform thickness. The inorganic insulator layer 251 is constituted by aluminum 203, Si02, A1N or DLC, etc. 
like the inorganic insulator layer 252. The inorganic insulator layer 252 can be formed by the dry thin film forming 
methods, such as a spatter or CVD. As for the thickness of the inorganic insulator layer 252, it is desirable to consider as 
the range of 0.01-0.05 micrometers. 

[0085] Next, as shown in drawing 16 , the 2nd thin film coil 232 is formed. The 2nd thin film coil 232 is formed by the 
frame galvanizing method. The 2nd thin film coil 232 is formed in the state of insertion so that the contiguity coil turn 
spacing A which exists between the 1st thin film coil 231 may be buried except for the most inner circumference. 
[0086] Next, as shown in drawing 17 , the inorganic insulator layer 253 with which flattening is presented is formed. 
The inorganic insulator layer 253 covers and forms the 1st thin film coil 231, the 2nd thin film coil 232, the pole tip 
section 21 1, and the whole back gap 212. The inorganic insulator layer 253 is constituted by aluminum 203 and Si02 
grade. The inorganic insulator layer 253 can be formed by the dry thin film forming methods, such as a spatter or CVD. 
[0087] Next, as shown in dr awin g 18 , flattening of the inorganic insulator layer 253 is carried out by CMP etc. The 
inorganic insulator layer 253 remains between the pole tip member 21 1 and the 1st thin film coil 231, and flattening of 
the back gap layer 212 is carried out from the pole tip member 21 1. 

[0088] Next, as shown in drawin g 19 , the gap layer 24 is formed, the inorganic insulator layer 253 and the 1st and 2nd 
conductors with which flattening of the gap layer 24 was carried out - it is prepared in the top face of film 231 and 232. 
The gap layer 24 can be formed by the dry thin film forming methods, such as a spatter or CVD. The gap layer 24 is 
constituted by aluminum 203, Si02, A1N or DLC, etc. As for the thickness of the gap layer 24, it is desirable to 
consider as the range of 0.0 1 -0.05 micrometers. 

[0089] Although illustration has not been carried out, after forming the wrap gap layer 24 for the 1 st thin film coil 23 1 , 
the 2nd thin film coil 232, the pole tip section 21 1, and the whole back gap 212, the gap layer 24 of 235B top ** is 
removed on 235A on 234A and 234B the back gap layer 212 top in the end of an outermost periphery end winding in 
the most-inner-circumference end- winding end of the 1st and 2nd thin film coils 23 1 and 232. In removal of the gap 
layer 24, a resist pattern is used as a mask and the dry etching methods, such as milling or RIE, are performed for the 
gap layer 24 on the back gap layer 212. And solvent exfoliation, ashing, etc. remove a resist mask. And by the frame 
galvanizing method etc., the 1st terminal Tl is formed so that it may straddle on 234A and 234B in the most-inner- 
circumference end-winding end of the 1st and 2nd thin film coils 231 and 232, the 2nd terminal T2 is formed so that it 
may straddle on 23 5 A and 23 5B in the end of an outermost periphery end winding, and let electrically the 1st and 2nd 
thin film coils 231 and 232 be parallel circuits. The 1st terminal Tl and T2 is constituted by electric conduction metallic 
materials, such as Cu (copper). Moreover, the 1st terminal Tl and T2 is taken out through a bump layer, and is 
connected to electrodes 27 and 28. 

[0090] Next, as shown in drawing 20 , the 2nd magnetic layer 22 is formed. The 2nd magnetic layer 22 is formed by the 
frame galvanizing method etc. The 2nd magnetic layer 22 is constituted by NiFe, CoFeNi, CoFe, FeN, FeZrN, etc. As 
for the thickness of the 2nd magnetic layer 22, it is desirable to consider as the range of 0.25-3 micrometers. The 2nd 
magnetic layer 22 is supported by the gap layer 24, and is magnetically combined in the back gap layer 212. Thereby, 
the thin film magnetic circuit involving the 1st magnetic layer 21, 2nd magnetic layer 22, and gap layer 24 is completed. 
The 2nd magnetic layer 22 may be monolayer structure, and may be multilayer structure. 

[0091] Next, as shown in drawing J>1 , a protective layer 26 is formed. Membranes are formed by the spatter etc. and 
flattening of the protective layer 26 is carried out by CMP etc. A protective layer 26 is constituted by aluminum 203 
and Si02 grade. 

[0092] By passing through the process mentioned above, the thin film magnetic-head element which has the structure 
shown in drawing 6 - drawing 8 is formed on a wafer (refer to draw ing 9 ). In addition, electrode ejection wiring, a 
bump layer, a bump protective layer, etc. are created separately. Although explanation is omitted, other micro devices, 
such as a thin film inductor shown in drawing 1 - d rawin g 5 , can be manufactured through the same process. 
[0093] 4. Indicate further the magnetic-head equipment and magnetic recorder and reproducing device this invention 
using the thin film magnetic head also about magnetic-head equipment and a magnetic recorder and reproducing device. 
First, the front view showing some magnetic-head equipments which drawin g 22 requires for this invention, and 
drawing 23 are the bottom views of the magnetic-head equipment shown in draw ing 22 . Magnetic-head equipment 
contains the thin film magnetic head 4 and the head means for supporting 5. The thin film magnetic head 4 is the thin 
film magnetic head concerning this invention explained with reference to drawing.6 - drawing J - 
[0094] The head means for supporting 5 have structure which attached the flexible body 51 which similarly becomes 
with a metallic thin plate in the free end in the end of the longitudinal direction of the base material 53 which becomes 
with a metallic thin plate, and attached the thin film magnetic head 4 in the inferior surface of tongue of this flexible 
body 51. 
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[0095] A flexible body 51 has two outside frame parts 55 and 56 which carry out abbreviation parallel with the 
longitudinal direction axis of a base material 53 , and are extended, the transversal frame 54 which connects the outside 
frame parts 55 and 56 in the edge distant from the base material 53, and the ligula 52 which has been prolonged so that 
abbreviation parallel may be carried out from the abbreviation center section of the transversal frame 54 at the outside 
frame parts 55 and 56, and used the tip as the free end. 

[0096] The projection 57 for loads of the shape of a semi-sphere of a ligula 52 which upheaved from the base material 
53 in die center section mostly is formed. The load force is told from the free end of a base material 53 by this 
projection 57 for loads to a ligula 52. 

[0097] The thin film magnetic head 4 is attached in the inferior surface of tongue of a ligula 52 with means, such as 
adhesion. The thin film magnetic head 4 is attached in the ligula 52 so that an airstream appearance side edge side may 
become in the direction of a transversal frame 54. The head means for supporting 5 applicable to this invention are not 
restricted to the above-mentioned example. 

[0098] Drawing 24 is the top view of the magnetic recorder and reproducing device concerning this invention. The 
illustrated magnetic recorder and reproducing device contains magnetic-head equipment 6 and a magnetic disk 7. 
Magnetic-head equipment 6 is illustrated to drawing 22 and drawing 23 . The end of the head means for supporting 5 is 
combined with the end of an arm 9, and magnetic-head equipment 6 is supported by the pointing device 8 with which 
the other end of an arm 9 contains a voice coil etc., and is driven. In free one end of the head means for supporting 5, the 
thin film magnetic head 4 is supported by the head means for supporting 5, and it is arranged so that it may counter with 
the magnetic-recording side of a magnetic disk 7. 

[0099] If the rotation drive of the magnetic disk 7 is carried out in the direction of an arrow head Fl by the driving gear 
which is not illustrated, the thin film magnetic head 4 will surface from the field of a magnetic disk 7 by the minute 
flying height. The thin film magnetic head 4 attached in the point of the head means for supporting 5 is driven in the 
direction of a path of a magnetic disk 7. And by the positioning device 8 which drives the head means for supporting 5, 
the thin film magnetic head 4 is positioned in the predetermined truck location on a magnetic disk 7, and read-out of 
magnetic recording and writing are performed. 

[0100] As mentioned above, although the contents of this invention were concretely explained with reference to the 
desirable example, it is obvious that various deformation modes can be taken based on the fundamental technical 
thought of this invention and instruction if it is this contractor. 
[0101] 

[Effect of the Invention] According to this invention, the following effectiveness can be acquired as stated above. 

(a) Maintaining the number of coil turns without lengthening magnetic-path length, coil resistance can be lowered and 
the micro device which can reduce calorific value especially the thin film magnetic head, and a thin film inductor can be 
offered. 

(b) A noise can be decreased and the micro device which was suitable for easy-izing the design of a digital disposal 
circuit further especially the thin film magnetic head, and a thin film inductor can be offered. 
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http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLejje 



10/7/2004 



Page 1 of 7 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[ Drawing 10] 
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